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Introduction 3 6
Social deficits are observed in many developmental neuropsychiatric disorders, 1 0 0 were sliced at a thickness of 400 µm coronally for the ACC using a VT1200S vibratome 1 0 1 (Leica). Slices were allowed to recover at room temperature for at least 1.5 h while 1 0 2 submerged in a chamber filled with oxygenated aCSF consisting of (in mM) 127 NaCl, 1 0 3 26 NaHCO 3 , 1.6 KCl, 1.24 KH 2 PO 4 , 1.3 MgSO 4 , 2.4 CaCl 2 , and 10 glucose. All recordings were performed at 32−33ºC. Whole-cell recordings were performed 1 0 7 using ACC layer 2/3 pyramidal cells using a MultiClamp 700B amplifier and a Digidata 1 0 8 1550 digitizer controlled by pCLAMP10.5 software (Molecular Devices). Borosilicate 1 0 9 glass pipettes (3−6 MΩ) were filled with a solution containing (in mM) 130 CsMeSO 4 , 1 1 0 10 CsCl, 10 HEPES, 10 phosphocreatine, 4 MgATP, 0.3 NaGTP, and 10 QX-314. Paired 1 1 1 whole-cell recordings were performed in two neurons located less than 100 µm apart; corrected. The signals were gained 5−10-fold, low-pass-filtered at 1 kHz and digitized 1 1 4 at 20 kHz. Male mice (6 postnatal weeks) were anesthetized with xylazine (10 mg/kg, i.p.) and 1 1 8 pentobarbital (2.5 mg/kg, i.p.). Stainless-steel cannulas (Plastic One) were bilaterally 1 1 9
implanted and aimed at the ACC (AP: +1.0 mm, LM: ± 0.3 mm, DV: -2.0 mm). The 1 2 0 cannulas were chronically secured to the skull using a mixture of acrylic and dental 1 2 1 cement. Dummy cannulas (33-gauge) were inserted into each guide cannula to prevent 1 2 2 clogging. Mice were allowed to recover for at least 7 days. Before testing, mice 1 2 3 received an intra-ACC infusion (0.5 µl per side) of clonazepam (500 nM, Wako). The 1 2 4 clonazepam was dissolved in DMSO and was diluted in phosphate-based saline (PBS) 1 2 5 containing 0.1 mM SR101 so that the final concentration of DMSO was 0.001%. Infusions were performed slowly over more than 2 min using 33-gauge cannulas. Twenty minutes after infusion, the mice were subjected to the three-chamber test. After the test, the infused regions were confirmed by the track of the cannulas and the 1 2 9 fluorescence of SR101. (PBS-X). After being blocked with PBS-X containing 1% (v/v) goat serum and 0.12%
λ -carrageenan (PBS-XCG) for 1 h, the slices were incubated for 48 h with 1 3 9
1/1,000-diluted mouse anti-gephyrin antibody (147021; Synaptic Systems) in PBS-XCG.
The slices were further incubated for 24 h with a mixture of 5 µg/mL Alexa Fluor 1 4 1 488-conjugated streptavidin (S11223; Life Technologies) and 10 µg/mL Alexa Fluor The sections were mounted onto gelatinized glass slides and cover-slipped with 50% airy disk unit and zoom factor at 1. The image stacks were saved as 8-bit TIFF files. The We treated pregnant mice with poly(I:C), a synthetic analogue of double-stranded RNA mouse in the corner box and nothing in the other box (Fig. 1A) . Control mice whose 1 6 5 mothers had been treated with saline during their embryonic periods preferentially 1 6 6 explored the chamber with the unfamiliar mouse, but mice whose mothers had been Hyperexcitation of synaptic transmission is implied in neuropsychiatric symptoms Gogolla et al., 2009, Rubenstein and Merzenich, 2003) . The ACC is a brain region recorded spontaneous EPSCs from layer 2/3 pyramidal cells ( Fig. 2A) . The EPSC 1 7 9 frequencies were higher in slices from poly(I:C)-treated mice than in those from control 1 8 0 mice ( Fig. 2B ; P = 1.6 × 10 -3 , t 17 = 3.76, Student's t-test; n = 9 control and 10 poly(I:C) 1 8 1 cells). The EPSC amplitudes were also higher in poly(I:C)-treated mice than in control 1 8 2 mice (Fig. 2C , P = 1.9 × 10 -2 , t 17 = 2.60, Student's t-test; n = 9 control and 10 poly(I:C) 1 8 3 cells). We next focused on excitatory synaptic connections between ACC layer 2/3 pyramidal 1 8 7 cells. We conducted double whole-cell recordings from ACC layer 2/3 pyramidal cells. The synaptic connection probability did not differ between control and poly(I:C)-treated cell pairs did not differ significantly ( Fig. 3B ; P = 0.093, t 12 = 0.09, Student's t-test).
1 9 1
These results suggest that excitatory synaptic connectivity in the ACC was not affected 1 9 2 in poly(I:C)-treated mice. We next focused on inhibitory synapses. The immunoreactivity of gephyrin, a protein 1 9 6 that anchors inhibitory receptors, was reduced in the somata and dendrites of layer 2/3 influences (Inomata et al., 1988 , Nelson et al., 1994 . Note that we employed picrotoxin can affect even GABA A receptors located in distal dendrites. In slices from 2 0 6 control mice, the picrotoxin-loaded neurons exhibited higher EPSC frequencies than the 2 0 7 simultaneously recorded control neurons ( Fig. 5A ; P = 6.6 × 10 -3 , t 10 = 3.42, paired perfusion with picrotoxin did not further increase the EPSC frequency ( Fig. 5B ; P = 2 1 0 0.29, t 14 = 1.09, paired t-test; n = 15 pairs). These results suggest malfunction of 2 1 1 GABA A receptors in MIA-model mice. We bilaterally injected clonazepam, a pharmacological enhancer of GABA A receptors 2 1 5 that contain α 2/3-γ2 subunits (Benke et al., 1996 , McKernan et al., 1991 , into the ACC hyperexcitation of the ACC is responsible for social deficits in MIA-model mice. We found that the ACC in MIA-model mice is hyperexcitable due to a reduction in 2 2 6 inhibitory inputs and that strengthening the inhibition of the ACC of these mice restores 2 2 7 their social deficits. These results suggest that GABAergic malfunction in the ACC 2 2 8 underlies social deficits of neuropsychiatric disorders.
9
We measured the sociability of poly(I:C)-treated mice using the three-chamber 2 3 0 behavior test. For these behavioral experiments, we used juvenile mice, which are 2 3 1 younger than those generally used in the three-chamber test in previous studies. Our results indicate that the MIA-model mice exhibit social deficits even at an early age. Accumulating evidence has suggested that neuronal hyperexcitation caused by the 2 3 4 net imbalance between excitation and inhibition underlies nervous system disorders in 2017). Social behavior is complex and is unlikely generated in a single brain region. Because brain regions are connected in a complex manner, it is possible that specific 2 4 7 inhibition of ACC affects the excitability of other brain regions, such as the primary 2 4 8 somatosensory cortex, and vice versa. 
